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This invention relates to-geometrical' iustru- 
 ments of the light-ray type and particularly to 
transits and theodolites. - - 
-The patent to Larsen and Sonderman #2,363,- 
8ïï, issued November.-28,-1-944, describes .anop- 
ticat micrometer which Will measure angles ,with- 
out interpolation to one second of,.arc. As a 
consequence of-this high precision of measure- 
ment there is now need forgreater accuracy,:of 
the bearings on which the movable elements of 
the surveying instrument-are mounted,, The in- 
vention provides an instrument having free turn- 
ing bearings of great accuracy. 
As a basis for disclosure and discussi0n,the in- 
vention wfll be described as applied fo the'trun- 
nion bearings which support the telescope, of a 
theodolite. In the past if has been customary:to 
use plain bearings of the precision type to sup- 
port the-trunnions on the standards. No.matter 
h0w precise such a bearing may be, some clearr 
ance between the journal and the bearing is an 
absolùte necessity. Thus, when the telescope is 
swung on its trunnions there is a minute tendency 
for the journals to climb in the bearings. If a 
tangent screw and clamp are used they must be 
locatednearer one than the other of the two trun- 
nion bearings. Since the tangent screw does hot 
develop a balanced torque, the effect is to cause 
one trunnion journal to climb more than the 
other.. The effect is fo produce a lateral deflec- 
tion of the telescope measurable in amount, and 
very objectionable. 
-. In first order survey work, if is common prac- 
tice to avoiduse of the ,tangentscrew and toposi- 
.tion the telescope by,: tapping if with the .flnger. 
.The bearing problem ,is-further ,complicated by 
the fact that one of the trunnion bearings must 
be adjustable vertically through a very limited 
range. This fact imposes .a definite limit on the 
closeness of fit of both trunnion journals in their 
bearings. . 
The present invention is based on the concept 
that precision requires the elimination of all bear- 
ing clearance. To attain this result, recourse bas 
been had to a pre-loaded ball ,bearing, which is 
specially designed to,permit the. required adjust- 
ment of one of the. bearings. The principal novel 
feature is that the. ball faces on. the trunnions 
are cylindrical surfaces and the .opposed.race sur- 
faces carried by the standals are also cylindrical. 
The balls are spaced and held in circular series 
by retainers which.engage only. the ba]ls, and 
which  are so dimensionedthat the retainevsand 
 the balls may move within a moderate«range in 
the direction of the common axis..of thetr.un, 
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nions. If can be demonstrated that the range:of 
vertiCaldjustment Of the adjustable bearingqs 
so sliiht that the prëloadini of thebllsis hOt 
affected in any material degree by this adjust- 
5 ment. 
Bearings of the type just described do not 
tain the trunnions against axial motion» S0 the 
second feature of the invention is the provision 
of compatible means which are effective fo pre- 
10 Vent.axial .motion of the trunnious in ail 
 justeïï positions of the adJustable bearlng. 
The invention wJll now be described as ...em" 
bodied in the. bearings/for the horizontal axis of 
a the0d6iite, 
15 In thé drawings: 
Fig. 1 is a view partly in elevation ànd partly 
in section, showini how the telescope is mounted 
on trunnion bearings in the side standards of a 
,theodolite; 
2 Fig,2 isa section onthe-line,-- of Fig. i; 
 lg. ,is,.asection on.the line $-$ of Fig. 1; 
Fig. :.4 ,is a face. view of the bearing race of .the 
non-adjustable.trunnion .bearini; and 
Fig. 5 is:a.sectionon the line §--§ of Fig. 4. 
25 In the,drawing, the base or alidade of thein« 
strumentis.indicated at, and cam, ies.two stand- 
ards  and.. These standards are shownas.of 
a hollow -configuration usedto house the optical 
micrometer mechanism disclosed in the Larsen 
:30 and Sonderman patent, above mentioned, but not 
fllustrated in the drawing of the present applica- 
tion. The standard--carries the fixed or non- 
adjustable bearing. The standard 8 carries, th 
3 adJustable bearing, and it may be mentionii àt 
this point thatthe adjustment-ismade in a ver- 
tical direction. 
The telescope of .the theodolite is .shown 
'ándhas an eye-piece . The small telescope 
40 indicated at  !  is the reading telescope  for the 
optical microleter and reqUires no further dis- 
cussion. The two end portions of the main tele- 
scöpe .tube are threaded into an axis bar 
Whlch commonly would be f0rmed of aluminum 
.45 alloy. Fixed to the ends of the axis bar' $ are 
the members  .and §0 on which the journal 
races are formed. The parts / and § are Of 
.special ball bearing steel which is hardenable 
and .capable of taking a high finish. Af.te" the 
50 Parts !/and |.§ are assembledwith the xï bar 
|, the assembly is mounted on centers and the 
journal race surfaces |6..and | are:gronl.t0a 
high finish. In,the example fllustrated, the 
ameter of.the races .is one inch plus or :minus 
ii 0.000025. Ai the sametime the, concentc..UZ  



faces 8 and 19 are ground in order to provide 
bearing surfaces for a striding level. 
Encircling thé races 16 and 17 are the outer 
bearing race members 22 and 23 which are formed 
of a similar hardened steel. Thé inside diameter 
of thé cylindrical races is ground to 1.3123 inches 
plus or minus 0.000025. Between the inner and 
outer faces are mounted a séries of.halls 2 ! vhich 
in thé example-illustrated are of very special 

4 
ttcity oï the dust guard is more than suctent to 
mtntain sea]s in ail adusted positions o ber- 
 23. 
It shod be observed tht the retainer rins 
  re net closely confined se tht they petit 
the row of balls te more in the direction of the 
as of thé trion t least throuh a lited 
range;  It will ao bé obsrved hat if thé 
metricl x of thé rce'member 25 is se 

quality. Their diameter is .15625 inches, plus or 10 
minus 0.000011. From the dimensions ,aboe.. 
stated, it is apparent that thé interval between 
the inner and outer race of each bearing i.less 
than thé diameter of thé bal!.by .00.0! .inch. It 
follows that each ball is pre-loaded .and.subject 
to actual distortion within thé. elastic-range .of 
the ball. Thé diameters giron are typical and 
are intended to be merely illustrative. " " 
Thé significant thing is that thé inne race oi .. 
journal turns within thé outer race or bearing 20 
against, rolling friction lone. There is no pos- 
siblelooseness. Moreoer,' uch.variations as may 
exist in thé diamèters of irdividul balls will av- 
.eragë out with thé result that thé bearing moves 
for ail practicai purp0ses aS precisely as the 
.ground surfaces of the inner and: outer faces 
permit. 
Thé 0uter bearing member 22 i thé fixed or 
nòn-adJustable member.. It is held in place by 
four. counterbored screWS. 24. On its opposite 30 
faces it bas two diametrically arrànged ribs 2 
and 26... Thëse ri5s extend horizontally. They 
engage plane surfaces which turn with the axis 
bak 13 and are strictly normal o thé .axis of rota- 
tion of thé axis bar. Oné of thesë surfaces is 35 
the surface 27 formed on thé. member 14 at thé 
inner end of journal 16. Thé 0ther iS the inner 
pl.ane surface 26 of a disk 26 fixed to.the end of 
'thé member I..Here, it may bé stated that thé 
disk 29 is thé support which cariiis the gradu- 4.0 
ated-limb of thé théodolite..The intervál meas- - 
ured across the-edges:of thé diametric ribs 2 
and 25 is precisely the interval between.the sur- 
faces 27 an'd 2: Vertical adjustment.of thé bear- 
ing member 2 is.minutein eXtent/and, thé re- 
sulting angular displacement of axis .bar l. is so '45 
slight that thé axis bar is held against motion 
in an axial direction by the diametric ribs  and 
25, in. ail adjusted position of the.axis bar. 
The adjustable, bearing 2. is held in Place by 
three counterbore d screws, onéof Which aipeärs 50 
at 31 on Fig. 1. There is suflicient clearance 
around thé screws to permit thé bearing 2- to 
bé shifted vertically gnd this vertical adjustment 
is made by means0f three radial'SCrews .2, one 
of which is visibleïn Fig. 1, and all threë of  Which 55 
are visible in Fig. 3. 
Thé screw clamp .. may bé set fip fO lock the 
arm34 to thè member 16. A tangent screw,not 
visible in thé drawing, coacts With thé lower, end 
of the arm 34 t0 turn the axis bar onthe hori- 60 
zontal axis. The construction is conventional s0 
far .as thé clamp and tangent scre w are concerned. 
The balls 21 in each bearing are held in align- 
ment by annular' .retainers 3 These are drilled 
adially to receive.the balls 2 I-of each Series and 65 
thé retainers are positionid by and fioat on thé 
The ace ring 22 isgrooved annularly ón both 
faces and thé race ring 23i gr00ved annularly 
on oné face to receive dust guárds$6 -Each guard 70 
is-simply a ring of off resisting rubber-like ma- 
tèrial U-shaped in cross-section, as clearly shown 
in Fig. 1. Thé base of thé U.fs :cemented.in. thé 
groove in which it is mounted and the two arms 
of thé U seal »in thé opposite, groove.. Thé élas- 

justed that if does not precisely align with thé 
axis of thé race member 22, thé journal faces 
I$ and. 17 will bé slightly cocked so that thé balls 
will roll in a slightly elliptical path rather than 
a trnly circular path. 
15.  This: in .. theory: is mechanically faulty, but 
hot when oné hs a quantitive idea of thé actual 
error. A section through journal race I $, normal 
o its axis, would bé a trne circle oné inch in 
diameter. A section through bearing race 
would bé a true circle 1.323 inches in diameter. 
.If we now assume that thé axis bar is tilted from 
its idéal Position by an angle as large as 15 
minutes (and this is a relatively large figure), 
and if we aiso assume that thé balls roll in a 
.true Circle.on thé inner journal and that thé 
tire displa.cement is With reference to the. 0uter 
race, thé path of thé balls on thé outer race would 
bé on an ellipse wh0se minor axis is 1.3123 and 
whose major axis is 1.3123 divided by thé cosine 
of !5 minutes or 1.3123124. Thé probability how- 
.eer is that thé.halls would choose a path on thé 
journal .and in thé bearing which would divide 
thé error between thé two so. that thé error aboyé 
computed, small as iti s, is probablY twice what 
actually occurs.. -- - 
Since-thé balls re under a pre-load of .0001 
.thé error due to angu_lC displacement would hot 
mterially effectthe-prerload orthe ability of 
thé axis to rotate freely, and truly. Somewhat 
smilar: geometrical considérations apply fo thé 
.ribs which prevent end play of thé axis bar. 
If follows that thé use of pre-loaded balls be- 
tween::: cylindric.al: çaces gives free action and 
permis limited angu]ar adjustment of thé axis. 
Used with-means-to prevent axial displacement 
Of thé axis'bar,, a.bearing of thé type described 
very satisfactorily-meets the requirements of thé 
service. It-is true,-of course, that each ball bas 
only..slightly more./than a point-contact. How- 
ever; thé. weght, of thé parts, is hot great, thé 
:instrument is carefully protected ïrom shock, 
and thé conditions as to wear are n0t severe. 
-.-Whilethe.inventi0n bas been. described as 
plied to a particular theodolite and to particular 
bearings inthat théodolite,/ thé sélection .was 
male for illustrative purposes - and with thé idea 
of.disclosing: factors which .would develop the 
.prcticat possibilities of tlie concept. No neces- 
sàry limitationto-this particular environment is 
ïmplied." 1Vodifications within thé scope.of thé 
claires are possible and contemplated. 
What is claimed is: 
- 1. ln là geometical instrument, thé combina- 
-tion: of a. support incluling a pair of spaced 
Standàrds; n .angularly adjustable member hav- 
ing-bearing-supporting trunnions: Provided with 
'respeCtive.axially alined cylindrical ball bearing 
faces about thé alined axes Of which said member 
is angulaly adjustable; respective bearing mem- 
-bots carried by said standards, each having a 
cylindrical ball áce opposed fo a corresponding 
'trnnnion ball :race, oné of said bearing members 
;being adjtistable on ifs standard by right-line 
tanslator::mtion.in a direction transverse to 
Che. axis:ioï th:trnnnion; two nnulär séries of 



bearing balls, one mounted under compression 
between each pair of opposed races; and means 
for resisting endwise motion of the trunnions 
relatively to the standards, effective ii] all ad- 
justed positions of the adjustable bearing, said 
means being associated with the other bearing 
and comprising means affording oppositely pre- 
sented plane surfaces turning with the trunnions 
and normal fo the axis thereof, and stop means 
fixed relatively fo the standards and shaped fo 
enter into substantially diametric line contacts 
with both said surfaces, said line contacts ap- 
proximating coincidence with the axis of tilt of 
the trunnion axis during adjustment of the: ad- 
ustable bearing member. 
2. The combination with the device defined in 
claire 1, of ball retainers which engage on!y the 
balls of a bearing to space and aline the same, 
said retainers and the balls having a limited 
freedom of motion in the direction of the axis of 
the trunnions. 
3. The combination defmed in claire 1 in which 
said stop means fixed relatively fo the standards 
comprise diameric ribs lying in a coinmon plane 
and projecting from the opposite end faces of the 
standard-carried bearing member. 
4. The combination defined in claire 1 in which 
each standard-carried bearing member is annu- 
larly grooved, and the trunnions are provided 
with opposed faces which bave registering annu- 
lar grooves and universely flexible annular seals 
me provided and extend into opposed grooves, 
the flexibility of the annular seals being suf- 
ficient fo accommodate the maximum adjust- 
ment. 
5. In a geometrical instrument, the combina- 
tion of a support including a pair of spaced 
standards; an angularly adjustable member hav- 
ing oppositely projecting supporting trunnions 
provided with respective axially alined cylindri- 
cal ball-bearing faces, about the alined geo- 
metrical axes of which said member is angularly 
adjustable; respective bearing members carried 
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by said standards, each having a cylindrical ball- 
race opposed fo and forming a pair with a cor- 
responding trunnion-carried ball-race, one of 
said bearing members being adjustably mounted 
5 on its standard se as to be shiftable in a direc- 
tion transverse to the axis of the trunnion and 
the other being fixed; two annular series of bear- 
ing balls, one mounted under compression be- 
tween the faces of each pair; two annular ball 
lO retainers which engage only the balls of respec- 
tive sertes fo space and aline the balls, said re- 
tainers with the balls engaged thereby having 
limited freedom of motion axially relatively fo 
the trunnion faces; diametric thrust bosses on 
15 opposite ends of the fixed, standard-mounted 
race; and means affording opposed thrust faces 
engaging said bosses, said faces being carried by 
a trunnion and normal fo the axis thereof. 
2o I-IAROLD R. LARSEN. 
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